Abstract
INTRODUCTION
Alcoholic hepatitis (AH) is an acute inflammatory syndrome that occurs in patients after long-term alcohol misuse. The clinical spectrum of AH is diverse, ranging from mild to severe [1] . AH may deteriorate rapidly in its severe form, which has a high 30-d mortality of up to 50% [2, 3] . AH often presents with acute deterioration superimposed on chronic liver disease [4] , comprising acute-on-chronic liver failure (ACLF). ACLF is a distinct entity that was recently defined on the basis of acute decompensation, organ failure, and high short-term mortality. One of the leading causes of ACLF is active alcoholism, presenting in about 25% of patients with ACLF [5] . Given that short-term mortality is high in severe AH, it is crucial to assess disease severity and identify patients at greater risk of death in the management of patients with AH. Various scoring systems have been proposed to assess the severity of AH and to predict prognosis in these patients. Maddrey's discriminant function (DF) has proven helpful in scoring disease severity and guiding specific treatment in AH [6] . DF ≥ 32 is associated with a high short-term mortality, therefore it is used as the threshold for corticosteroid or pentoxifylline therapy [7] . The age, bilirubin, in ternational normalized ratio (INR), and creatinine score (ABIC) was proposed to risk stratify patients with AH into low, intermediate, and high risk of death using cut-off values of 6.71 and 9.0 [8] . The Glasgow Alcoholic Hepatitis Score (GAHS) is based on age, serum bilirubin, blood urea, prothrombin time (PT), and peripheral blood white blood cell (WBC) count [9] . A GAHS ≥ 9 identifies patients with a high risk of death [10] . In addition to these diseasespecific models, the model for end-stage liver disease (MELD) and modified MELD including sodium (MELD-Na) have been found to predict prognosis in AH with good accuracy [11] [12] [13] [14] .
Meanwhile, several models have been proposed to predict mortality in patients with ACLF. The European Association for Study of Liver/Chronic Liver Failure Consortium (EASLCLIF Consortium) has modified the sequential organ failure assessment (SOFA) score to include factors specific to liver disease. This modified SOFA score adapted for patients with cirrhosis (CLIF-SOFA score) was shown to predict mortality in acute deterioration of chronic liver disease [5] . A simplified CLIF-SOFA score (CLIF Consortium Organ Failure score, CLIF-C OFs) is easy to calculate, and has similar prognostic accuracy compared to the CLIF-SOFA score [15] . The ability of scores proposed for ACLF to predict survival in patients with AH is largely unknown. The aim of this study was to validate the utility of ACLF scoring systems and compare the predictive ability of these scores with that of other commonly used prognostic models in predicting outcomes for patients with AH.
MATERIALS AND METHODS

Study population
Consecutive patients with acutely decompensated alcoholic liver disease and active alcoholism were retrospectively enrolled from 21 Korean academic hospitals from January to December 2013. The inclusion criteria were history of recent excess alcohol consumption within the last 2 mo (> 50 g/d for males and > 40 g/d for females) and a clinical diagnosis of alcoholic hepatitis. Alcoholic hepatitis was clinically diagnosed as the combination of serum bilirubin more than 3 mg/dL, elevated aspartate aminotransferase (AST) but < 400 U/L, and an AST to alanine aminotransferase (ALT) ratio of > 1.5 [16] . Key exclusion criteria were the presence of other causes of liver disease, infection, gastrointestinal bleeding, druginduced hepatitis, and hepatocellular carcinoma. Medical treatment for severe AH was left to the physician's discretion at each institute, although it usually included corticosteroids and/or pentoxifylline. Baseline clinical characteristics, laboratory findings, and survival 28 and 90 d following hospitalization were retrospectively identified by chart review. This study was approved by the Institutional Ethics Committee of all participating institutions.
Scoring systems
For each patient, DF [6] , ABIC [8] , GAHS [9] , MELD [14] , MELD-Na [17] , CLIF-SOFA [5] , and CLIF-C OF [15] were calculated using laboratory data from the day of hospitalization. The formulas used to calculate prognostic models are listed in Table 1 .
Statistical analysis
Data are expressed as mean ± SD for continuous variables. Categorical variables are expressed as frequencies (percentage). Differences between two groups were compared using a t-test for continuous variables and χ 2 test for categorical variables.
Cumulative survival curves were estimated by the Kaplan-Meier method. The log-rank statistic was used to test for significant differences between the curves. The prognostic utility of various scoring systems for predicting mortality at 28 or 90 d was assessed using the area under receiver operating characteristics curves (AUROCs). Comparison between AUROCs was performed by DeLong's test. For each model, the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated using originally proposed cut-off values: 32 for DF, 9.0 for ABIC, 9 for GAHS, 21 for MELD, and 28 for MELDNa [6, 8, 9, 13, 18] . For CLIF-SOFA and CLIF-C OFs, predictive performance was calculated using an optimal cutoff point with the best sensitivity and specificity from the cohort [19] . Analyses were performed using SPSS version 18 (SPSS, IBM, Chicago, IL, USA). The comparisons between AUROCs were performed using MedCalc version 16 . The AUROC of CLIFC OFs was superior to those of DF, ABIC, and GAHS (P = 0.005 for DF, P = 0.006 for ABIC, P = 0.046 for GAHS), but was comparable to those of MELD and MELD-Na scores in predicting 28-d mortality. There were no significant differences between predictive abilities of the DF, ABIC, GAHS, MELD, MELDNa, CLIF SOFA, and CLIF-C OFs for 90-d mortality (except between CLIFC OFs and DF; P = 0.02).
Using a DF cutoff score of ≥ 32, the sensitivity and specificity were 81.3% and 50.9%, respectively, at predicting 28-d mortality. The ABIC score of 9 had 43.7% sensitivity and 93.5% specificity at predicting 28d mortality. The sensitivity and specificity of MELD ≥ 21 for predicting 28-d mortality were 87.5% and 68.8%, respectively. A MELD-Na of 28 had 68.8% sensitivity and 80.2% specificity. The optimal cut-off Belgium).
RESULTS
Baseline characteristics
The study population comprised 264 consecutive patients with a clinical diagnosis of AH who met the inclusion criteria. Table 2 describes baseline characteristics and prognostic scores of enrolled patients. The mean age was 48.8 ± 9.1 years, and males were predominant (77.3%). Overall, 28-d mortality was 12.0% and 90-d mortality was 19.0%. The differences between 28d survivors and non survivors are presented in Table 2 . Patients who died within 28 d had higher baseline WBC count, bilirubin, INR, creatinine, and lower albumin and gammaglutamyl transferase (GGT) compared to patients who survived. Prognostic scores including DF, ABIC, GAHS, MELD, MELD-Na, CLIF-SOFA, and CLIFC OFs, were significantly higher in nonsurvivors compared to 28-d survivors.
Performance of different scores in predicting short-term mortality
The ROC curves for various scores are shown in Figure  1 . Table 3 shows the predictive accuracy of DF, ABIC, [6] 4.6 × [patient's prothrombin time-control prothrombin time (s)] + total bilirubin (mg/dL) ABIC score [8] (age × 0.1) + [serum bilirubin (mg/dL) × 0.08] + [serum creatinine (mg/dL) × 0.3] + (INR × 0.8) GAHS [9] Age, blood urea nitrogen, white blood cell count, serum bilirubin, and INR; each scored 1-3 MELD score [14] MELD = 3.78 ln[bilirubin (mg/dL)] + 11.20ln(INR)+ 9.57ln[creatinine (mg/dL)] + 6.43 MELD-Na score [17] MELD + 1.59 (135-Na), with maximum and minimum Na of 135 and 120 mEq/L, respectively CLIF-SOFA score [5] points were chosen for CLIF-SOFA and CLIF-C OFs based on receiver operating characteristics curves. Using a CLIFSOFA cutoff of 8, the sensitivity and specificity of CLIFSOFA for predicting 28d mortality were 78.1% and 79.7%, respectively. The sensitivity and specificity of CLIFC OFs ≥ 10 were 68.8% and 91.4%, respectively, for predicting 28-d mortality. Figure 2 illustrates a survival curve comparing mortality based on CLIFSOFA score ≥ 8 and < 8 (P < 0.05) with CLIFC OFs ≥ 10 and < 10 (P < 0.05). Cumulative survival rates differed significantly for patients with a CLIF-SOFA score ≥ 8 and < 8.
Survival analysis
In addition, patients with CLIFC OFs < 10 had a significantly better survival rate than those with CLIFC OFs ≥ 10.
DISCUSSION
ACLF is a recently established syndrome characterized by acute deterioration of chronic liver disease resulting in organ failure and high short-term mortality. ACLF usually develops following a precipitating insult on cirrhosis, and AH is a common triggering event [5] . The CLIF-SOFA score and CLIF-C OFs are newly proposed scoring systems for cirrhotic patients with acute decompensation [5, 15] . However, the value of these scores in predicting outcome for patients with AH remains unclear.
We assessed the prognostic utility of CLIFSOFA score and CLIF-C OFs for predicting short-term mortality in patients with AH. We also compared the predictive ability of CLIFSOFA score and CLIFC OFs with that of DF, ABIC, GAHS, MELD, and MELD-Na in predicting short-term mortality in a multicenter cohort of patients with AH. Our study showed that the CLIF-SOFA score and CLIF-C OFs were excellent for predicting 28 or 90d mortality with comparable discriminatory power as DF, ABIC, GAHS, MELD, and MELDNa scores. In particular, the predictive ability of CLIF-C OFs was superior to that of DF, ABIC, and GAHS in predicting 28-d mortality.
In a considerable proportion of cases, the mortality rate of patients with AH is high due to hepatic inflammation and progression to organ failure [2, 3] .
Early identification of patients with poor outcomes could be used to risk stratify hospitalized patients with AH, ultimately guiding intensive treatment for such cases [20] . Several scoring systems have been introduced to assess severity and predict prognosis in patients with AH.
DF, initially described in 1978, has undergone modifications to replace the absolute value of PT with the prolongation of PT over control [6, 7] . DF is easy to calculate and has been validated in many clinical studies. However, the poor standardization of PT and interlaboratory variation are limitations. Other prognostic models have been proposed for patients with AH, such as the ABIC, GAHS, MELD, and MELDNa score. Initial research demonstrated that these scores have excellent diagnostic accuracy in predicting short-term outcomes [8, [11] [12] [13] [14] . CLIF-SOFA score is a newly proposed modified version of the SOFA score applicable to patients with acute decompensation of underlying chronic liver disease [15] . Like the original SOFA score, the CLIF-SOFA score is based on assessment of six organ systems. However, the CLIF-SOFA score also accounts for some special situations in end-stage liver disease by substituting the INR of PT for platelet count and substituting hepatic encephalopathy for Glasgow coma scale. In addition, the use of terlipressin and renal replacement therapy is included. CLIF-C OFs is a simplified version of the CLIF-SOFA score [15] .
Respiratory, cardiac, and central nervous (hepatic encephalopathy) systems are components of the CLIF-SOFA score and CLIFC OFs, but not the DF, ABIC, GAHS, MELD, or MELD-Na scores. Indeed, organ failure is highly associated with increased mortality in ACLF including AH. Therefore, prognostic models incorporating organ failure are promising for use in patients with AH. Many studies have analyzed available prognostic scores that assess AH severity [13, [21] [22] [23] [24] [25] [26] . Our results are in line with previous observations on the utility of DF, ABIC, GAHS, MELD, and MELD-Na in predicting short-term mortality [21, [24] [25] [26] . To the best of our knowledge, we are the first to assess scoring systems proposed for ACLF in predicting short-term mortality in AH patients. In our cohort, CLIF-SOFA and CLIF-C OFs perform well for predicting shortterm mortality in AH. The AUROCs of CLIFSOFA in predicting 28 or 90d mortality were comparable to those of commonly used prognostic scores such as DF, ABIC, GAHS, MELD, and MELD-Na. In addition, the performance characteristic of CLIF-C OFs in predicting 28d mortality was comparable to those of MELD and MELD-Na scores, and superior to those of DF, ABIC, and GAHS. In our cohort, the optimal CLIF-SOFA cut-off was 8, which predicted 28-d mortality with 78.1% sensitivity and 79.7% specificity. Moreover, the CLIF-C OFs cutoff at 10 had sensitivity of 68.8% and specificity of 91.4%. The originally proposed cut-offs for DF and MELD lacked specificity (50.9% for DF ≥ 32, 57.8% for MELD ≥ 21). The unoptimized threshold for DF and MELD partially account for the low specificity of DF and MELD score. The NPV of all prognostic models were excellent, in most instances > 90%. In most cases, PPV was lower than 50% (Table 3 ). This implies that these prognostic models are useful for excluding lowrisk patients, rather than identifying those at high risk of death.
Our study has limitations. First, AH was diagnosed based on clinical presentation. Clinical diagnosis poses a 10%50% risk of erroneous classification as AH [27, 28] . Second, medical treatment was determined by physician judgment. Corticosteroid effects may interfere with the predictive ability of prognostic scores, and there is some controversy in the survival benefit provided by corticosteroid treatment [29, 30] .
Third, we did not evaluate the alcohol relapse rate which might influence mortality and the predictive value of scoring systems. Finally, sequential values of scoring systems were not obtained. Therefore, the dynamic phase of clinical disease may not be reflected. Nevertheless, the strength of this study lies in its multi-center retrospective analysis of consecutive cases. This structure reduces selection bias and improves generalizability. Moreover, the present study is the first investigation of scoring systems proposed for ACLF at predicting the mortality of patients with AH.
In conclusion, the prognostic scores proposed for ACLF, such as CLIF-SOFA or CLIF-C OFs, proved excellent for predicting 28-and 90-d mortality. CLIF-SOFA and CLIFC OFs had comparable discriminatory power for predicting short-term mortality compared to DF, ABIC, GAHS, MELD, and MELD-Na scores in patients with AH. CLIF-SOFA scores ≥ 8 or CLIF-C OFs ≥ 10 on the day of hospitalization should be regarded as negative shortterm prognostic factors. Prospective studies validating the prognostic utility of CLIF-SOFA and CLIF-C OFs in AH are warranted.
COMMENTS
Background
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